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w3zEj<­rvuYrsx§zdpU7upU¾uHuYr f i3tsx§pUsw f i3j<i¬¯zEtPr f ityic¨zd§­rsx§zdph² e zr f x{7i^pU¹ f xuUtyzHuEw f w3zEpUyx{¨rs
x{p¨­¸Jx{x{x{pr f iyw3i3pi1x§pHrsz<kdÁ w3i3{{P¶x§r f r f i f i3{¾zE¬AuL  |}¸UuEyi^Uutyryx§ryx{zEpUx§pryicw f pxH­iE²e7f x{¾uYr¨rsi3t/u{{zY¶~ryz¼i °w3x§i^pdrs§©»w3zEj<­rsi®Hxyx§¸x{{xÄr© ¸(i%r¶Pi3i^pGw%{­U¨ryi^ts^²  UuYrsudrsty­aw'ry­Utyi`x{
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udyyzw%xuYrsi^°¶x§r f icuEw f x¨x{¸x{§x§r©°tsi3uYrsx§zdpU f x§¾¸ai3r¶Ni^i3p0r¶Nzx{yx{¸§iw3§­arsi3tv3² e7f xuYrvuE¨ryts­Uw'rs­tsi
w3zEpHrsuEx§pa	u{x{¨r7z¬ ¸{zwvÆEi^ts^Hu§x¨rPzE¬ §x{pÆP¸ai3r¶Ni^i3pr f i ¨­Ut¨¬Àudw%i^Nz¬A¸azEr f w3§­arsi3tv3w%zdpEi%± f ­{{
zE¬Aw%{­U¨ryi^ts^²§²{² e7f i^yiUuYrsui3pau¸{iicuEw f w3§­arsi3tNryzduYr f i3tPi3pUi3tsE©¬¯tyzdj r f i1zr f i3tw3§­U¨ryi^tsNx{yx{¸§i
¬¯tszEj xÄrc²e7f iuYrvuE¨ryts­Uw'rs­tsi^tsi^y­§ryx{p~¬¯tszEj r f i L7  Uutyryx§ryx{zEpUx§paaw3§­U¨ryi^tyx{puEpUx{yx{¸x§{x§r©w^uw%­|
uYrsx§zdpUuEtyi¨ryzdtyic<zEp°xyÆ(²ºp{©<u¨j~uE§(azdt¨rsx§zdp~z¬Jr f i^yiursutsi^yx{ix§pji^j<zEts©¬¯zEtPtvuEx{zdyxÄr©
w3zEj<­rvuYrsx§zdpU3²&	r f iu{Ezdtyx§r f j­ryx{§x3C3ic2dur f i^tyx{paYxÄr³HuYr f i3tv	i3pi^tyd©x§j<x{pEx{p zEp<icuEw f w3§­a|
rsi3tc² e zr f x{i3pUhdx§r{zduEU2x§p~j<i^jzdty©u tyicw%i^x§x{pw%{­U¨ryi3t
	\ud2¶Ni^§(uE2zdpizE¬ar f ix¨x{¸{iw%{­Ursi3t
 ²&¬ ryi3ts¶7utv	»HuYr f i3tv	i3pi^tyd©¬¯tszEj  ² e7f x{2zdai^tsuryx{zEp<x2tyi^aicuYrsi^¬¯zEtuE§Ur f izr f i3tw3§­U¨ryi^ts
x¨x{¸{i1¬¯tyzdj	²³NuEw f ¨zd­tsw3iw3§­U¨ryi^t  j<zx§´Ui^0¸©~r f i1HuYr f i3tsx§pUzdai^tsuryx{zEp`¿_w%tsi^uryx{zEpzE¬Api^¶
y­ty¬ÀuEw3i~i3{i3j<i3pHrsvÃxsuVEicªzEp½x¨ÆJ²i^yx§ryi°r f i­a¨i°zE¬r f i¾x¨Æ®w3udw f iEAr f ic¨i¾x¨Æ`rytvup¬¯i^ts
tsi3j~uEx§pryzz<x§j<(zEtyrsupHrc² e7f x{7x7¶ f © e i^§{i3tUtyzdazH¨icPyi3di3tvu f i3­Utyxrsx{w^P¬¯zEt7i °w3x§i^pdrs§©0zEtvi3tsx{p
r f i^yix¨ÆrytvupU¨¬¯i3tv7¨zr f uYrr f iw%zEpHrsi3pHrs7zE¬Ar f iw3uEw f i w f updi^7¨{zY¶{©E² e7f i^yi f i^­tyx¨ryxw3utsi
  £&Ñ Ð 	 Ð ¢YÑ Ì ¢¥ uYr f i3tsx§pUx7tvupUzdj<§©°(i3ty¬¯zEtsj<i^¹²
  Ð Ñ Ì  Ð ¢YÑ Ì ¢¥Ò §­U¨ryi^ts HuYr f i3ti^pi3tsE©/x{pªr f i°zdtsi3t x§p®¶ f xw f r f i^©¶Pi3tsix{pU¨rsuEpdrsx{uryic
¸©°r f ijzi^§i^t^²
 Ð A¢V¤ Ì$Ð ¢VÑ Ì ¢¥ i3{i^w'rr f itsi^w%i^x§x{p<w%{­Ursi3t¶ f x{w f¾f uE7j<zHrzE¬ ryi3puEw%ryic¾udu<¨zd­tsw3iE²
 Ì   Ð ¢YÑ Ì ¢¥ w f ic­{i^w%{­U¨ryi^ts1¸©/rytvuVEi^tsyx{p°r f i°w%i^§ z¬Nr f i L  rytsi3id²<oqp`r f x ¶PuV©
w%zdpU¨icw%­rsx§diw%i^§uEtyiw f zdyi3p~¸©<¨i^§icw'ryx{pr f ipUi3x{ f ¸azdtNw3i3{(yi3i^p<¬¯tyzdjr f iutsEicr³(zEtyrsuE_²e7f xuEtszduEw f i%±{zEx§rsr f ix{yx§¸Ux§{xÄr©w%z f i3tsi3paw%izE¬2w3§­arsi3tv­iryz°UtyzV±x{jx§r©0uEpU/{zw3u
x§pHrsi3tsHxyx§¸x{{xÄr©d²
EUtyzdj r f i<i%±(i3tsx§j<i^pdrv zEpi¸© e i^§{i3tcJr f i¬¯zd­t¨r f uEtszdudw f ¶ f x{w f i%±{zEx§rsr f itsi^y­§r1zE¬
r f i L  Uutyryx§ryx{zEpUx§p<j<i%r f z¹Uyi3i^j<7dx§x{pr f i¸(i^¨rtsi^y­Ärv3²
ZUuEtsuE§{i3Ju{Ezdtyx§r f j+¬¯zdtPtvuEx§zH¨x§r©w3zEj<­rvuYrsx§zdpx{p0utsEii3px§tszEpj<i^pdrv f uEN¸ai^i3p¾tyzdazH¨ic
¸©BEU­pÆ f zd­U¨i^tÉ ?ÊC² e7f xu{Ezdtyx§r f jnj<uEÆEicN­a¨i z¬Ar f isuj<iursuE¨ryts­Uw%ry­tsi^7uENr f zdyi tyzdazH¨ic
¸© e i^§{i3tc² e7f isw%i3pUi°x{zEtsduEpxDC^i^`x§p«dtyzd­UzE¬w%{­Ursi3tv¶ f xw f utsi°xrstyx{¸­rsi^®¸©r f i f zHr
Utyzw%icyyzEtJrszr f iNy{uVdi2tszw3i^s¨zdts^²hudw f ¨uVEi2Utyzw%icyyzEt x{ x§pw f utsEi2z¬Uw3zEj<­rsx§pUr f iPtvuEx{zdyxÄr©
yzE{­rsx§zdp°¬¯zEt7r f i EtszE­0xÄrx7tyic¨(zEpa¨x{¸{i¬¯zdt^²=EU­pÆ f zE­a¨i^tPUtyzdazH¨icr¶Pz<xÄÈJi3tsi3pHr¨rytvuYryi^Ex{i^¬¯zEt
{zdud¸auupUw3x§pEx{x§pUx{pHryi^tyicrsx§p~yai^i^|}­U^²
  ;	;0#%
º­Ut°u{EzEtsx§r f j f upU{i^w%zEj<{i%±¼yw3i3pic°¨­aw f ud~¸­x{{x§pH~x{pdrsi3tsx§zdtsj~uEi/­µz¬ azd§©EzdpUu
zd¸i^w%rs^²Å·tsi3tszw%i^syx§pªrsi3¼Uutyryx§ryx{zEpar f i/yw3i3pix{pdrszªy­¸Uyi%rv<w3u{{i^ 2'2> NuEpU¼udtsuE f
i3±tyicyyx{p/x{yx§¸Ux§{xÄr©®tsi3uYrsx§zdpU f x§U¸ai3r¶Ni^i3p«r f i^yi0w3i3{{x¸­x{§rÉ <VÊ}²oqp«r f xx¨x{¸x{§x§r©®Etvu f 
udi3tyryi3±`tsi3tsi^yi3pHrsu/w3i3{NuEpU«up®i^Ei~¸(i%r¶Pi3i3p®r¶Pz/Ei^t¨rsx{w3i^ upU!j<i^uEpU r f uYrzd¸i^w%rs
¶x§r f x§p ¨i^i0zEr f i^tzd¸i^w%rs¶x§r f x{p uEpU½xw%i¾Ei3tvsu² e7f xHxyx§¸x{{xÄr©½dtsuE f rszEEi3r f i^t¶x§r f
r f iªzE¸rvux{pi^Gw%i3{¾uEtyiª­Uyi^\¸H© zd­t¾zEtvi3tsx§pU ¨rytvuYryi^Ex{i^¬¯zEttvuEx{zdyxÄr©µw%zdj<­rsuryx{zEpU^²·º­t
tvuEx§zH¨x§r©~j<i%r f z¾tsi3{x§ic7zEp¾tszi^w%ryx{zEpryi^w f px H­ic¶x§r f ¶PuVdi3{i%rvPud7¸UuEyx¬¯­UpUw'rsx§zdpUupa0zEÈ(i^ts
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r¶Pztyic¨zd§­ryx{zEp®yw f i^j<i^ dur f i^tyx{pupU® f zzryx{pa²°oqp«zE­tx{j<{i3j<i3pHrsuryx{zEph&¶Pi~­U¨i° f zzrsx§pU
¸(i^w^u­UyizE¬x§rs u¸x{{xÄr©rsz H­xwvÆH{©/tszYx{i­U¨i3¬¯­2x{j<uEEicurr f iicuts§©¨rsudi^z¬³r f ityic¨zd§­rsx§zdp
uEpUµrsz½x§pHrsi3tvuEw'rsx§di3{© ¶7u{Æ r f tszE­ f r f iªyw3i3pi`¶ f x{§ir f i`tsudx§zH¨x§r©µw%zEj<­rsuYrsx§zdpUuEtyi¸ai^x§p
(i3ty¬¯zEtsj<i^¹² e7f x x{ j~uEi(zds¨x{¸{i<i3Ei^p$¬¯zdtw%zEj<{i%±$i^pHx{tszEpj<i3pHrv1w3zEpHrsuEx§pUx§p0r f zE­UsupUUzE¬
(zE{©EzdpUNr f uEpÆPryz<r f iHxyx§¸x{{xÄr©°dtsuE f ²e7f ij~uEx§p/w%zdpHrytsx§¸­ryx{zEp¾z¬Azd­t¶PzEtsÆ°x{w3zEpUw3i3tspi^0¶x§r f pi3¶ZzEtvi^tyx{p<rstsuryi3dx§ic3²ºtvi3tsx{pf uE u{tyicuE©/¸(i3i^pªudtsi^s¨ic$¸© e i3{§i^t°ÉÄ%ÊC²~yi3i^p`x{p`r f i~tsi3x{zE­U yi^w%ryx{zEph f x{uEtszduEw f x{
¸auEyi^$zdpªu¾tsi^w3x{yi¸­rw%zdjU§i3±`upU`Ei^ty©$w3zd¨ry{©/x{yx§¸Ux§{xÄr©tyi^tszw3i^s¨x{p0x§pEzd§x{pw%{­Ursi3tv3
rs­¸(i^^¸{zwvÆdi3tv3²{²{²Aoqp/uEUxÄrsx§zdphx{pªÉ§%Êhr f i zEtvi3tsx{prsi^w f pUx H­icw%zEpa¨xrx{p0{zdudx{p<x§pHryz<j<i3j<zdty©
uw%{­Ursi3tc(r f iw%{­Ursi3tvx¨x{¸{i¬¯tszEj·xÄruE¶Ni^§	uE(zryi^pHryxu&¸§zwvÆdi3tv3²  p§x{ÆEi e i^§{i3tcJzE­tzEtvi%|
tsx{p°rstsuryi^Ex{i^7tsi3{©°zEp/di3ts©¨x{j<{ix{yx§¸Ux§{xÄr©¾w%zdjU­rsuryx{zEpU¸(i%r¶Pi3i^p/w%i3{x{pUrsi^ud0zE¬³w%{­Ursi3tv3²
oqpai3ic¹Jr f ij<i%r f z$¶Pi­Uyirsz¾w3zEj<­rsix¨x{¸x{§x§r©/¸ai3r¶Ni^i3pr¶Nz¾w%i3{x ­iryz0x§tsi3©½É ;cÊ³upa
w3zEpUyxrv7x§p0rytvuEw3x§p<tvuV©r f tszE­ f r f iazdt¨rvu¨i^UutvuYrsx§pUr f i^yiw%i3{3²
pzr f i3tx§ÈJi3tsi3pUw3i¶x§r fe i^§{i3t  N¶PzEtsÆ<x{Nr f uYrzE­UtNzdtsi^tyx{pu{EzEtsx§r f j~Pu{§zY¶ryz§zHuEx§pHryz
j<i^jzdty©uw%i3{¿¯x{pU¨ryicuEzE¬auw3§­arsi3t'Ã¹rszEEi3r f i^tA¶x§r f r f zH¨i7w%i^§(x¨x{¸{i¬¯tszEj²³ºpUw%ir f ic¨i
w3i3{{ f uVEi2¸(i3i^p{zduEi^ x{pdrszj<i3j<zEts©E^r f iNy­t¨¬Àudw%i³i^§i^j<i3pHrs ¶xÄr f x§pµ f zzErhr f i^x§t&i3pUi3tsE©rszY¶PuEtsU
r f izdpi^¶x§r f x{p$r f iw3i3{{	  ² e z¾¨­Uj·­Uh¹zE­tzEtvi3tsx{p°j<i%r f zxÄÈJi3t¬¯tyzdj·r f zH¨ityzdazH¨ic
¸© e i3{{i3tx{p0r f iyi3pUyi1r f urr f i^©­Uyi zr f i3t¨rytvuYryi^Ex{i^7upa f upU{ix§È(i^tyi^pdrUuYrsudrsty­aw'ry­Utyic3²
2yuEx{x§pr f i7tsi3x{zE­U	yi^w%ryx{zEph e i3{§i^t  &j<i%r f ztsi3{x§icAzdpuEpzdryx{j~u­UyiPzE¬r f i7x{yÆw3udw f iE²¦ zY¶Ni^Ei^t&¶x§r f r f xuEtszduEw f r f i­Uyi3t f ud2pzw3zEpHrytszEzdp<r f iw^uEw f idE¶ f xw f x{Nu¨i^tyx{zE­a	tyzd¸{i3j
x{p w3ud¨iz¬ j­UÄrsx§­Uyi3t°w3zEj<­rsi3tc² Ezdt~i%±uj<{i/zEpUiw^uppUzr°x{j(zdyij~ux{pdrvux{px{p«x§pµj<i3j<zdty©
w3i3tyrsuEx§puYrvu<pi^w3i^syuEty©°¬¯zEtr f iw%­tstsi3pHrtsudx{zdyxÄr©°w3zEj<­rvuYryx{zEp ² e7f xx¶ f ©zdpiw%zdpdrstyx{¸­rsx§zdp
zE¬Pzd­t¶PzEtsÆ$x ryz/j~upauEir f i°j<i3j<zEts© ¿_i^¨ryx{pUuryi^ªrsz$rszEtsir f iUuYrsu/w3zEtstyic¨(zEpax§pUrsz/r f i
w3i3{{vÃ&uE	u1¨zE¬ r¶PuEtyiPw3uEw f iE² e7f iPj~uEpUudi3j<i3pHr	z¬Ur f x2¨zE¬ r¶PuEtyiPw3uEw f iNx f upa§ic¸©zd­t	zEtvi3tsx{p
¨rytvuYrsi3dx§ic7¶ f x{w f Utyicx{w%r¬¯zEtr f i f zdt¨ruEpUj<i^x{­j tsuEpEi1rsi3tsj<r f ix{yÆ0rytvupU¨¬¯i3tw3zd¨rs7r f uYr
i%ryi^tyj<x{pi³r f i7w f zExw%i³zE¬r f i7w%i^§ r f urA¶x{§ f zzr r f i3x{t&i3pi^tyd©E² e7f ic¨iPrstsuryi^Ex{i^htsi3{©1zEpxsw%tsi%ryi
zdryx{j<x{suYrsx§zdpryicw f pxH­i^ r f urAi3±U§xw%x§ry{©uEw^w%zE­Updr ¬¯zEtAr f iPuEw'rs­Uux¨Æ1rstsuEpU¬¯i^ts^²hÇªiPzpzEr&w%ux{j
r f uYrzd­trstsuryi^Ex{i^utsi1¸ai3r¨ryi^t¸­r2­arw3zEj<{i3j<i3pHrvuts©<ryzr f zH¨iUtyzdazH¨ic°¸© e i3{§i^t^²
º­tzdtsi3tsx§p¨rytvuYryi^Ex{i^ utsiUutyrz¬u0d§zd¸Uu	x{§{­j<x{pUuYrsx§zdp®yz¬ r¶7utsiauEwvÆYudiud f zY¶pªx{p
´aE­tsi<E²
 i%r ­Utsi^w^u{ r f uYr1zE­t1tsi^yzE{­ryx{zEp$sw f i3j<ix{1 f zHzEryx{pU² w3i3{	¶ f zdyiy­t¨¬Àudw%icuEtyiyi3{i^w%ryic
¬¯zdt f zzryx{p<r f i3x{ti3pUi3tsE©¶x{{ ¸(iw3uE§{i^ 5 T($'   2'2 ¬¯tyzdj pzY¶ZzEph² e7f itszE{iz¬	r f izEtvi3tsx{p
j<z­{i<x{rszyi3{i^w%r u¾ f zzryx{pw%i^§³ud¶Pi3{2uEr f zdyix¨x{¸{i¬¯tszEj!x§r^ ¶xÄr f r f i f i3{`zE¬NzdpizE¬
r f izdtsi^tyx{p~¨rytvuYryi^Ex{i^¿À¶ f xw f ¶x§{ ¸(iicyw3tyx{¸aic{uryi^tzEpaÃi3(i3pUx§pzEp¾r f iw%i^§u{tsi^uE©x{p
j<i^jzdty©uEpUr f i7x{yx{¸x§{x§r©Etvu f ²Aµ{x§picut2utstvuV©Ecryi^tyj<i^ )+2'2 
   
	  (zEx{pdrv	zE­r2¶Pi%r f i3t
uw3i3{xu{tsi^uE©x§p~j<i3j<zdty©zEt2pzErNupUx§¬¹xÄr¶x{{¸ai­U¨ic<¸©r f itsudx{zdyxÄr©j<z­{iE² zEryir f uYru
w3i3{Jx{P­Uyi^¬¯zEt7tvuEx{zdyxÄr©<w%zdj<­rsuryx{zEpUPx§¬&uEpU°zdp§©~x§¬Ax§r f uEP¸(i3i^p¾yi3{i^w%ryi^¸©<r f i UuEt¨rsxÄrsx§zdpx§pU
j<z­{iE²ºpUw%i r f iw3i3{{ f uVEi¸(i3i3p$yi3{i^w%ryic0¸©r f izdtsi3tsx§p<j<z­{iEUr f itvuEx{zdyx§r©°j<z­§ix{
x{pEzdÆEi^h²
º­t1E{zE¸auhx{§{­j<x{pUuYrsx§zdp`u{Ezdtyx§r f j xdx§di3p/x{p$´Ud­tyi ;²oqp`zEpix§ryi^tsuryx{zEp½¿_w3u{{i^/o e   |e oyº :x{pr f x{u{EzEtsx§r f j°Ã'au{¹r f iw%i3{utsi x§prs­tsp$¨i^§icw'ryicuE f zzrsx§p°w3i3{_² ­tyx{p<r f i´Utvr
x§ryi^tsuryx{zEphzdp{©~r f i{x{ f r¨zd­tsw3i^7 f zzrr f i3x{ti3pi^tyd©¨z~udrsz~Ei3r7tsi^y­§rs7di3ts©°i^uEty{©E²
MNMPO=QRTSVUW
?   $%2  8& - 4 #$!-/-  # 67
$%  *$ 2
 udx§zH¨x§r©
/z­{i
x¨Æ
   'O  
	
ux{p0j<i3j<zdty©
 xyx§¸x{{xÄr© tvu f ºtsi3tsx§p</z­{i
EAx{E­Utyi<©¨ryi^j uEtsw f x§ryicw'rs­tyi
e7f i¬¯­pUw%ryx{zEp  y¿_Ã2xNpzj<zdtyir f uEp°r f izdtsi^tyx{pj<z­{iE²2o}rw%zdtytsi^y(zEpU³ryzr f i
x{j<{i3j<i3pHrsuryx{zEpz¬	zEpUi1zE¬Ar f izEtvi^tyx{p<rstsuryi3dx§ic7¶Ni f uVdii3di3{zE(i^¹²³7¬¯zEtr f itszw%ic­tsi
  !"# $¨¿CÃ'xÄru{{zY¶³i^udw f ¨­Ut¨¬Àudw%izE¬¹r f i yi3{i^w'rsi^°w3i3{ Zryz f zzErNx§rsPi3pi^tyd©rszY¶PuEtsU
r f iy­t¨¬Àudw%icN¶x§r f x§p uE7¶Pi3{ uEPr f zdyi ¸ai^§zdpEx{pryzr f iw%i3{x{yx§¸U§i1¬¯tszEj ²e7f ipUi%±r¨icw'rsx§zdp¾icyw3tyx{¸(i^7x{pi%rsuEx§¹zd­tzEtvi^tyx{p<rstsuryi3dx§ic3²
%  2"/³#^
&(') *,+-.0/1-2435
 i%r­Utyicw3u{Jr f uYrr f izE¸icw'rsx§di1zE¬Ar f x¶PzEtsÆ°x{ryz°w%zdj<­ryid§zd¸Uu¹x{{§­j<x{pUuYrsx§zdpx§pEi^ty©{uEtydi
i^pHx{tszEpj<i3pHrv ¶x§r f r f iPtvuEx§zH¨x§r© ji3r f z¹²2	x§pÉÄ3ÊCryz j<i3i%r	r f x{	dzduE_Vr f iyw3i3pi7xAautyryx§ryx{zEpic
x{pHryzk \w%i^§uEpU~udtsuE f i3±tyicyyx{px{yx§¸Ux§{xÄr©¸(i%r¶Pi3i3p<r f i^yiw3i3{{2x³¸U­x§§r^² e7f x{2dtsuE f u{§zY¶
rsz°j~ux{pHrsux{pu°y­¸Uyi%r1z¬w3i3{{x§pji^j<zEts©¬¯zdt¶ f xw f r f itvuEx{zdyxÄr©¾w%zdjU­rsuryx{zEp$x(i3ty¬¯zEtsj<i^¹² uEx{zdyxÄr©~w3zEj<­rvuYryx{zEpw%zdpUyx{¨rsNx§pw f zzdyx{pu¨i3rz¬Aw3i3{{^¨i^§icw'rsx§pzEpUizE¬ r f i3jn¬¯zdt7 f zzrsx§pU
x§rs1i^pi3tsE©¾ryz0r f izEr f i^ts¸ai^§zdpEx{pryz0r f i~suj<iyi%rc² e7f x{1tszw%icyx{1tsi3(i^uryi^/¬¯zEt zr f i3t ¨i3rs
zE¬ w%i^§³rsx§{¹w%zdpHdi3tsEi^pUw%id² o}r7pi3ic³rsz{zdud~x§p0j<i3j<zEts©r f i w%i3{¿_rszEtsi^~zdp~r f i x¨ÆÃNw%zdpUw%i^typic
¶x§r f r f itvuEx{zdyx§r©<w3zEj<­rvuYrsx§zdpU3Hrsz¶x§r f tsuV¶»w3i3tyrsuEx§p0pzEp|}picw%i^ssuts©w3i3{{N¬¯tszEj j<i3j<zdty©~upa
j<zYdi°r f i3j ¸auEwvÆ®ryzªr f i/x{yÆJ² e7f x<zE(i3tvuYrsx§zdpÅtsiH­x{tyicj~uEpH©½x{yÆÅuEw^w%icyyi^^³¶ f xw f x<Ei^ty©
w3zd¨ry{©~x§p0ryi^tyj~7zE¬Aw%zdjU­rsuryx{zEp0ryx{jid² e7f i^yix¨Æ°udw3w%icyyi^Pw%zdtytsi^y(zEpU°ryzr f i rstsuEpU¬¯i^tNzE¬&w3i3{{
 "! M# %$
 
	 ! "#$%&
$'(	*)+",-./($%0$'1)+",2354678$'5% 
   Ð 	£     
	 &£¡ Ð  ¿CÃ
r©H(i^i%¬³rsty­aw'r Ò    E    
¸(zzE{i^uEp0oqp $i3j<zEts©
¸(zzE{i^uEp e z LPi  ¨ic	

 
oqpdrsi3di3t Ò  @ Ò i3{hx{i3pHryx§´Ui3t@Ò    E     Ò i3{ oqp $i3j<zEts©¹É p­j¸ai^t z¬ w3i3{{¨Ê
o e    e oyº 
@   x7r f ix¨x{¸x{§x§r©°dtsuE f @
    i^ud  x¨x{¸x{§x§r©  tsuE f EtszEj x{yÆ¹¿_Ã
oqpxÄrsx{uE§x3C3iH¿ Ò i^§ oqp /i^j<zEts©JÉdÊ¯Ã
Ç f x§{ipzEr¿Àw%zdpEi3tsEi^pUw%iVÃ   ¿	  ! #"%$'&   "($ *) (+ VÃ
 pj~utsÆ § e7f i Ò i3{{c¿_Ã
@, Ò f zzdyi1r f i ´ats¨r f zzEryx{p~w%i3{-@
%  ¨¿/.10324	 '52  + "  # "(6Ã
@, Ò f zzdyi Ò i^§}¿_Ã7j<zx§´Ui^ Ò i^§ oqp /i^j<zEts©JÉHÊ7 @
utsÆ Ò i3{}¿ Ò Ã
@, e7f iw3i3{  x7j~utsÆEic­tsx{p<r f iw3­tstyi^pdr7x§ryi3tvuYrsx§zdp8@
¶ f x§{i pzr¿_u{¹r f iw3i3{{uEtyi1j~utsÆEicUÃ
@, e7f iw%i^§ l f zzrs7pUzY¶\x§rs7i3pUi3tsE©9@
   !"# y¿ :2 $ ,+ " # "(6Ã
@, Ò f zzdyi u< f zzrsx§p~w3i3{h¶ f xw f0f ud7pzruE§tsi^ud©; @
@, f zErxÄrvi3pUi3tsE©°­tsx{pr f xx§ryi3tvuYrsx§zdp8@
%   $¨¿<.=0324	  82 $ ,+ " # "6Ã
$uEtyÆ Ò i3{C¿ Ò Ã


	 '>?	 'A@»,




EAx{E­Utyi ;   i^pi3tvuhuE§dzEtsxÄr f j
¸(i%r¶Pi3i^p®r f i0j<i3j<zEts©`uEpUªr f i¾x¨ÆJ² e7f i^yi°UuEt¨rsxÄrsx§zdpi^ªrstsuEpU¨¬¯i3tvj­U¨r¸(izdtsi^tyic®¨z$udryz
tsi^­Uw%iPi%±(i3pUyx§diNtsi^udupa¶tsxÄrsiNzdai^tsuryx{zEpUP¿ ¬¯tszEjB@VzdpHryzr f ix¨Æzdt&j<i^jzdty©Ã%² e z¸(i7i%ÈJi^w'rsx§diE
uEp`zdtsi3tsx§p¾u{Ezdtyx§r f j!j­U¨rsw f ic­{i<y­Uw^w%i^syx§di f zzryx{pH1yz/uEryzj<x{px§j<x3C3i°xyÆ$uEw3w3i^s¨ic3
¶ f x§{ij~uEx§pHrsuEx§pUx§p¾tvuxw3zEpEi^tydi3pUw3itszE(i3tyryx{i^^²  p¬¯zdt¨rs­pUuryi3{©EJr f x tyzd¸{i3j!xi H­x§YuE§i^pdr
rsz°´Upax§pU0u°yzE{­ryx{zEp$ryz°r f irstsuVdi3{x§pU°yuE§ic¨j~up/Utyzd¸§i^j ¶ f x{w f x{j<zEtsiw%zdjU§i3±¾x{pzd­tw^uEyi
¸(i^w^u­Uyi r f iursu¸auEyi w f updi^©pUuEj<x{w^u{§©ª¿Àw%tsi^uryx{zEpz¬2pi^¶:§x{pÆ3(pi^¶Zi^§i^j<i3pHrs­irsz~r f if x§i^tsudw f x{w^uJtvuEx{zdyxÄr©°uEtszdudw f Ã'²
MNMPO=QRTSVUW
   $%2  8& - 4 #$!-/-  # 67
$%  *$ 2
º­tzEtvi3tsx§pU<¨rytvuYrsi3dx§ic7zE(i3tvuYryiudw3w%zdtsx§prsz<r f iuE§dzEtsxÄr f j dx§di3p¾x§p´Ud­tsik²Ç f i3pi^Ei3t
u<w3i3{hx{w f zdyi3p0¬¯zEt f zzrsx§p<x§rsi^pi3tsE©dxÄr f uEPryz~¸(ix{p¾j<i^jzdty©0uE7¶Pi3{ uEPr f zdyix{yx§¸U§i1¬¯tszEj
x§r^²	oqp~w3ud¨izdpi7z¬Jr f i^yiw%i3{2x{³pzruE§tsi^ud©x{p~ji^j<zEts©Ex§rx2tyicuE¬¯tyzdj r f ix¨ÆJdx§j<{©x§p r f i3p
j<i^jzdty©@x{yÆrytvupU¨¬¯i3tv¶ f zdyiw%zHrPx{Pi^VuE§­auYryic°x{p°rsi3tsj<PzE¬hx§pU­r¨­ty¬ÀuEw3i^NzEt7w%i^§7i3(i3pUx§p
zdpr f i­Uyi^¾zEtvi^tyx{p<rstsuryi3d©E² e7f xw%zHrx7i3Yu{­UuYrsi^¾¸©~r f i ¬¯­pUw'rsx§zdpi3Yu{­UuYrsi w%zHrV¿_Ã%²
x§pHr   Ð Ð   Ì  Ì   ¿    o e    e oyº  Ò i3{ oqp /i3j<zEts©Ã¨Ã

x§pHrw%zHr j<x§phaw%zd¨r 
w%zd¨r j<x{p ¦   
¬¯zEticuEw f w3i3{   
@, E&x§pa¾r f iyi%r  0zE¬	w3i3{{7x¨x{¸{i ¬¯tyzdj    @
 8Z´UpU Hxyx§¸{i i%rc¿      Ã
w3zd¨r³YuE§­Uuryi Ò zHrV¿     J Ò i^§ oqp /i^j<zEts©Ã
x§¬¿2w%zd¨r1 Gw3zd¨r j<x§p$Ã
w%zHr jx{pw3zd¨r 
tsi^y­Är4




 JuYrsid¿     s Ò i^§ oqp /i^jzdty©Ã
tyi3ry­tsptyic¨­§r 


E&x§d­tyik   i3pi^tsuE¹zEtvi3tsx§pUuE§dzEtsxÄr f j
 (uryiH¿_Ã1x1utszw3i^­Utyi¶ f x{w f yi%rsryz e  \r f i´Ui^{U 
  
	 uEpU  !   # zE¬
r f i~uYrvuE¨ryts­Uw'rs­tsi^ ) 6 	
7 ¿_¨i^i´aE­tsi ;dÃudyyzw%xuYrsi^/¶x§r f r f i~w3i3{{1x{p   ¿Àyi3i´Ud­tsi
kHÃ'²o}ruE{yz0yi%rvryz E  \zdp{©/r f i´Ui^{  !   # udyyzw%xuYryic$¶x§r f w%i^§1pzrx{yx{¸§i¬¯tszEj
r f i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w%i^§r f urYuEtyx{i^0­tsx§p
r f itsudx§zH¨x§r©/w%zdjU­rsuryx{zEpUtyzw%icy^² Ç`i f uVdiw f zH¨i^pu0VuE§­UitszE(zEtyryx{zEpauhrsz¾r f ij~uY±x§j­j
p­j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ryzr f izdtsi3tsx§p<¨rytvuYryi^Ex{i^7utsi Ex{Ei^p0¸©~rvu¸{i~E²
 uEpUzEj  tyi^i^©  tsi3i^© e tvuVEi^§x{p L7uEwvÆHrstsudwvÆHx{p L7uEwvÆHrytvuEwvÆx{p uY±
/i3r f z  Ò u{i^yj~up  Ò ³pi^tyd©
; ;Ej<p ?Uj<p ^j<p ^kj<p ^kHj<p H<j<p ;,j<p
e uE¸§i<  Ò zEj<­rsx§prsx§j<i ¬¯zEt7r f iyi3Ei^p0zdtsi3tsx§p<¨rytvuYryi^Ex{i^
$uEp©0w%zdpUw%{­Uyx§zdpUw3uEp/¸aitsuV¶p¾¬¯tszEj r f i^yitsi^y­§rs^² E&x§tvrz¬2u{_axÄrxtsi%¬¯i^tsuE¸{irsz°j~uÆdi
­a¨i z¬&zEtvi3tsx{p¨rytvuYrsi3dx§icNtsi3{©x§pUzdp¾x{yÆ~rytvupa¬¯i^tsPtvuYr f i3tPr f uEpzEp¾i3pi^tyd©<ryz~¸(i  f zEr^²2oqp¾r f i
suj<i¶7uV©Ear f i¨rytvuYrsi3Ex{i^¸UuEyi^$zEp/r f iw3i3{ArstsuEpU¨¬¯i3tvutsij<zEtsii°w%x{i3pHrr f up/r f zdyi¸auEyi^/zdp
r f ip­j¸ai^tz¬¹y­t¨¬Àudw%ic3² e7f xw3uEp<¸aii3±{uEx§pUi^~uE2¬¯zE{§zY¶^²AÇ f i3p~i3YuE§­Uuryx{p r f ix¨ÆrytvupU¨¬¯i3t
w3zd¨rx§pªryi^tyj~ zE¬Np­j¸(i3tz¬Py­ty¬ÀuEw3i^^¹r f i°w3i3{{ j~udi~­ªz¬7j<uEp©¨­Ut¨¬Àudw%i^ uEtyi~yi3{i^w'rsi^`zEp{©
urr f ii3pU z¬r f i/w3­tytsi3pHrxÄrsi3tvuYryx{zEp ² r f i^yi/w%i3{j~uV©«pzEr~¸ai{x§pÆdi^Å¸H© upÅicEi¾z¬r f i
x¨x{¸x{§x§r©/Etvu f (r f i~yi3{i^w'rsx§zdp$z¬PzEpiz¬Nr f i^j!¶Nzd­{x§j<{©${zdudx§pU°r f i<w3i3{{x{yx{¸§i¬¯tszEj x§r^²Ò zdpUyiH­i3pHrs§©dr f ip­j¸(i3tNz¬hx¨ÆrytvupU¨¬¯i3tv2x{pUw%tsi^ud¨ic2upU~yzzi^³r f iw3zEj<­rsx§pUryx{j<iE²	o}¬¹r f i
rstsuEpU¨¬¯i3t w%zd¨rs uEtyii3Yu{­UuYrsi^x§p`ryi^tyj~1z¬PpH­Uj¸(i3t z¬Nw3i3{{^hu¾w%i3{³w3uEp¸(i~¨i^§icw'ryicud1 f zzrsx§pU
w3i3{¹upU°r f i^p0{zdudi^~x{pHryzj<i3j<zEts©EpzErPpicw%icysuts§©<uYrPr f i1i^pU°zE¬ r f ix§ryi^tsuryx{zEphi^Ei3pr f zd­ f xÄr
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w3zEpHrsuEx§pa7j<uEp©¨­Ut¨¬Àudw%i^^² e7f ­U3i3±tyicyyx{prytvupU¨¬¯i3tw%zHrv7x§p¾rsi3tsj<z¬	pH­Uj¸(i3tz¬2w%i^§7xj<zEtsi
i°w%x{i3pHr¸aicw3u­a¨iyUuYrsx{uEhw%z f i3tsi3pUw3ix7¬¯­{{©i%±{zEx§ryic¹²
zÅ¬Àutc¶Ni f uVEi$i3±ai^tyx{j<i3pHryicµ¶xÄr f zE­UtzEtvi^tyx{p½¨rytvuYryi^Ex{i^<¬¯zdt0u®¬¯i^¶ w%zdjU§i3± sw%i^pi^
¸(i^w^u­Uyi<z¬Pr f i~di3ts©$x{j(zEtyrsuEpHrw%zEj<­ryx{p¾ryx{jipi3ici^¹² EUtyzdj r f i^yi~i%±(i3tsx§j<i3pHrv3A¶Ni f uVdi
udyw3i3tyrsuEx§pic¾r f urr f irytvuVEi3{x{psu{i^yj<uEpu{Ezdtyx§r f j tszYx{i^r f i<¸aicr tsi^y­Ärvi^Ei^p/r f zd­ f xÄr
udw3w3zE­pHrs¬¯zEtzdp{©/tyicuE$zdai^tsuryx{zEpU udi3±{uEx§pUi^$¸(i%¬¯zdtyid²1¬¯zEt r f i¸auEwvÆHrytvuEwvÆx{pu{Ezdtyx§r f j¾
uEÄr f zE­U f r f iryx{j<ipUi3i^i^¬¯zdttsi^xw'rsx§pU   f zzryx{pw3i3{{xyx§dpx§´aw3uEpdr¿¯i%±(i3pUyx{Eirstyi^irytvuY|
di3tvyuEÃr f i°i%ryi^tyj<x{pi^`zEtvi^tyx{p¾x{1pzErjzdtyii °w3x§i^pdrch¶ f xw f i3±{uEx§pa1r f i<¸Uud(i3ty¬¯zEtsj~upUw3i
zE¬ r f x{u{EzEtsx§r f j²
E&x{E­tsi ? f zY¶1r f tsi3i°x§È(i^tyi^pHr§zErsdx§x{p¾¬¯zEtr f tsi3i<xÄrsi3tvuYrsx§zdpUupa$¬¯zdtr f i )  yi3{i^w%ryic
 f zzrsx§pU0w%i^§ ¿¯x Ãr f i<w%zdj<­ryx{pryx{jid³¿¯x{xÃr f ip­j¸ai^tzE¬¨­Ut¨¬Àudw%ii^§i^j<i3pHrs1x{p$j<i3j<zEts©E2¿¯x{x{xÃ
r f i p­j¸(i3t7z¬A§x{pÆrszEtsi^~x{p¾ji^j<zEts©E²27­tsx{pr f i1´Utvr7xÄrsi3tvuYrsx§zdpzEpU§©~{x§ f r7yzE­tvw%icN f zzr
r f i3x{tPi3pi^tyd©Edr f i1i3pHrsuEx§{i^w%zEj<­ryx{prsx§j<i1x{N§zY¶²ºp~r f i1zr f i3t f upUhHx§rNx{pUw3tyicuEyi^tsudrsx{w^u{§©
­tyx{pr f i0pi%±r<xÄrsi3tvuYryx{zEpa3²ª/zEtsi3zYdi3t r f i0p­j¸ai^tzE¬¨­ty¬ÀuEw3i°i3{i3j<i^pdrvuEpU®r f i0p­j¸ai^tzE¬
{x{pÆ7x§pUw3tyicuEyi tyzdEtsi^s¨x{Ei^§©ryx{{htyicuEw f x{pr f ij~u±x{j­Uj Yu{­i tyi^{uryic°rsz "   '²
E&x{E­tsiuEpU< f zY¶\r¶Nz<x{j~uEicPzE¸rvux{pi^¾¶x§r f zE­t7j<i%r f z/uY¬ rsi3tw%zdj<§i3ryi tsi^yzE{­ryx{zEph²
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b) BACKTRACKING C : TIME
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c) BACKTRACKING C : NUMBER OF SURFACE ELEMENTS
0 50 100 150 200 250 300 350 400 450
0
1
2
3
4
5
6
7
8
x 10
4
Ith selected cell
nu
m
be
r 
of
 li
nk
s 
in
 m
em
or
y
d) BACKTRACKING C : NUMBER OF LINKS
E&x{E­tsi ? Ò zdjU­ryx{p<ryx{j<iEapH­Uj¸(i3tz¬	{x§pÆ^p­j¸(i3tz¬2¨­ty¬ÀuEw3i i3{i3j<i3pHrsx§pj<i3j<zEts©~¬¯zdtr f i
L7udw'rytvuEwvÆx{p Ò ¨rytvuYryi^E©d²
  )+53.	#%
Çªi f uVditszE(zdyi^0¨i^Ei^p0zdtsi^tyx{prstsuryi3dx§icN¬¯zEtw%zdj<­ryx{p~tvuEx{zdyx§r©<yzE{­rsx§zdpU7x§putsEi1i3pxÄ|
tszEpUji^pHrs^² e7f i^©~utsi¸UuEyi^<zdp~r f iUuEt¨rsxÄrsx§zdpx§pUz¬¹r f i1sw%i^pix{pHryzw3i3{{Pupa<zEpyx§j<{ix¨x{¸x{§x§r©
w^uw%­uYrsx§zdpU7¸(i%r¶Pi3i3p¾r f i^yiw%i^§3²7ºp§©¾u~¨­U¸U¨i3rz¬2w%i^§xtyic¨xi^pdrx{pj<i3j<zEts© 	r f i f zzrsx§pU
w3i3{upU½r f zH¨i¾x{yx§¸U§i0¬¯tyzdj xÄrc² e7f ic¨i¾tsi^yx{i^pHr<w3i3{{<w f uEpEi¾­tsx§p`r f i¾tsi^yzE{­rsx§zdp½tszw3i^s3
x{j<{©Hx{p`r f i^pÅj~up©®tsi^uEÅupUÅ¶tyx§ryi¾zE(i3tvuYrsx§zdpU¬¯tszEj zdtzdpdrsz$r f i¾x{yÆJ² e7f i0tszE{izE¬r f ic¨i
¨rytvuYrsi3dx§ic	x{³ryztsi^­Uw3ir f ip­j¸(i3t³zE¬Jr f ic¨ix{yÆrstsuEpU¬¯i^ts^²&o}r³ry­tspU2zd­r³r f uYr³r f i¸(i^¨rN¨rytvuYryi^E©
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x e tvuVEi3{x{pu{i^yj~uph²*EU­tyr f i^ti3±(i3tsx{ji^pHrsuEtyipi3ici^®rsztvuV¶ni%´UpUxÄrsx§di0w%zdpUw%{­Uyx§zdpUzdp
r f i^yirstsuryi^Ex{i^^²
zryir f uYr ¬¯zEt1r f i°yuEÆEiz¬Ni°w%x{i3pUw3©Ehzd­t ji3r f z`j~upUuEEi^r f i~ji^j<zEts©$¨Uudw%i¶ f i3tsi<utsi
¨ryzdtyic°r f iw%i^§7x{pHdzE{Eic°x{p0r f iw%­Utytsi3pHrtsudx{zdyxÄr©°w3zEj<­rvuYryx{zEp ²
 p§x{ÆEi<r f i~j<i%r f zicyw3tyx{¸aicx{p ÉÄd ?VÊzd­tu{Ezdtyx§r f j!­U¨ic f zzryx{p¾tsur f i^t r f uEp®duYr f i%|
tsx{p`yzªudrsz`zEÈ(i^tryz`r f i¾­Uyi3tr f i¾(zds¨x{¸x{§x§r©«z¬x{pHryi^tsudw'ryx{Ei^§©®tsi3pUi3tsx§pr f isw%i3pUiª¿_uYr<r f i
x{pHryi^tyj<i^x{uryirvudi^Pz¬&r f itsi^yzE{­rsx§zdpaÃN¶ f x§{i ­tv¨­Ux§pr f itsudx{zdyxÄr©°w3zEj<­rvuYryx{zEp ²
pzr f i3tuEYuEpdrvudi$z¬zd­tj<i%r f z»xx§rs0i^ud¨©µuEUurvuYryx{zEp»ryz½r f i`uVYuEx§u¸{iw3zEj<­rsx§p
tsi^syzE­tvw%ic3²hoqpai3ic¹dx§rNx³(zdsyx§¸{irszrszE<r f iw^uw%­uYrsx§zdpU³uY¬ rsi3tuw%i3tyrsuEx§p~p­j¸ai^tzE¬Jx§ryi^tsuryx{zEpU
uEpUryz~tsi^¨rsutyrPr f i^j uYryi^tzEp¶x§r f zd­ruYÈJi^w%ryx{pr f i ´Upau¹tvuEx{zdyxÄr©°yzE{­rsx§zdph²
Çªi$utsi¾w3­tstyi^pdrs§©Åx§pYuE¨ryx{duryx{p`zEr f i^t~zEtvi3tsx{p`¨rytvuYrsi3Ex{i^<udw3w%zd­pHryx{p`¬¯zEt~zr f i3t°w3tyx§ryi^tyxu
i^pi3tsE©°x{¨rytsx§¸U­ryx{zEphUHxyx§¸x{{xÄr©°dtsuE f ²{²§²
E&x{pUu{§©d(r f ic¨izEtvi3tsx{pu{Ezdtyx§r f j<utsir f i¨rsuEt¨rsx§pazdx§pHr1¬¯zEti3x{yx{p0uUutvu{§i^ di3tv¨x{zEph²
Gtszw%i^syzEtNw3zE­°¸(i x§p¾w f utsEiz¬Au f zHzEryx{p<w%i3{¹upU°r f zH¨i1x{yx{¸§i¬¯tszEjnx§rP¶ f xw f ¶x{{¹i3pUy­tsi
UuYrsu{zw3u{x§r©E² e7f x{ur¨rsi3t¶PzE­x{pUw3tyicuEyir f iai^t¨¬¯zdtyj~uEpUw%ic7z¬ r f iUuEtsuE§{i3huE§dzEtsxÄr f j²
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/i3pUi3Eicu­±  ²$ux¨i^ <² LPzd­UuYrszE­Uw f ²n~w3x§i^pHr¾UuEt¨rsxÄrsx§zdpx{pÅzE¬utvw f x§ryi^w%ry­tvu
i^pHx{tyzdpj<i3pHrs^² -F$'(  #/ )
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